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addition. there is anecdotal evidence that another African hedgehog from the same source also suffered from multiple neoplasms, one of which was a subcutaneous fibrosarcoma and the other a squamous cell carcinoma. Ultrastructural examination of deparaffinized formalin-fixed sections of the squamous cell carcinoma did not reveal any viral particles. Unfortunately, specimens from hedgehogs Nos. 1 and 2 were not preserved for virus isolation or propagation or for optimal ultrastructural evaluation because these procedures are not part of our routine diagnostic workup. Attempts to more definitively identify the virus from formalin-fixed tissues are currently under way.
Similar multicentric skeletal neoplasia has not been reported in hedgehogs. However. zoo veterinarians and others have commonly noted that hedgehogs have an unusually high rate of neoplasia. especially of the cutaneous and lymphohematopoietic systems.' We have presented morphological evidence of a probable retrovirus associated with multieentric sarcomas in two animals. Whether this virus plays a causal role in the induction of neoplasia is unknown. It is unclear how prevalent this virus is among African hedgehog populations and whether or not it may be associated with other neoplasms. 
Spongiform Degeneration of the Brain Associated with Uremia in an Aged Coyote (Canis Zatrans)
A. SHIMADA, M. KUWAMURA, T. AWAKURA, T. UMEMURA, AND Y. YAMANE KPV wordx D/A4 amyloid protein: coyotes: encephalopathy; myelin edema; senile plaque; spongiform degeneration; uremia.
A neurologic syndrome associated with uremia, designated uremic encephalopathy, has been documented in humans, but its pathologic basis is unknown."" There appear to be no specific morphologic changes in the central nervous system in There are only a fcw reports describing the occurrence of presumed uremic encephalopathy in anim a~s , l . " 12
This report describes light and electron microscopic findings in the brain of an aged female coyote (Cunis lafruns)
affected with severe uremia. The coyote had been kept in a circus for at least 10 years and was brought to the Animal Clinical Research Founda-tion. Tottori, with a 4-day history of gastrointestinal disturbances, such as anorexia and vomiting, and neurologic signs, such as ataxia, compulsive and aimless movement, seizure, and coma. Hemograms and blood chemistry values were normal except for elevated blood urea nitrogen (202.0 mg/ dl) and serum creatinine (3.5 mg/dl). The coyote was euthanatized by intravenous barbiturate overdose.
After complete necropsy. the brain, brachial plexus, median and sciatic nerves. lung, heart, liver, spleen, kidneys, lymph nodes. pancreas. and intestines were fixed in 10% neutral buffered formalin. For light microscopic examination. parafin sections 6 pm thick were stained with hema- toxylin and eosin (HE). Serial sections of the brain were also stained with luxol fast blue. Nissl. a n d modified BielschowskyIr' or processed for immunohistochemical evaluation using the labelled streptavidin-biotin (LSAB) method (Dako, Copenhagen, Denmark) with diaminobenzidine as chromogen. The primary antibodies were anti-human glial fibrillary acidic protein (GFAP) (rabbit polyclonal, Medac Gesellschaft fur Klinische Spezialpraparate mbh, Hamburg, Germany) and PIA4 amyloid protein ( 1 -24 residues: rabbit polyclonal).lo The sections were counterstained with Mayer's hematoxylin. Method specificity was evaluated by substituting normal rabbit serum for the primary antibodies. For electron microscopic examination. portions of the cerebral cortex were taken from the formalin-fixed brain, cut into l -m m z cubes, postfixed with 1% osmium tetroxide in 0.1 M phosphate buffer (pH 7.4), and embedded in epoxy resin. Ultrathin sections were stained with uranyl acetate and lead citrate and examined with a JEM IOOCXII electron microscope.
At necropsy, the kidneys were pale and slightly firm; cross sections showed the presence of multiple cysts up to 2 m m in diameter throughout the cortex. Histologically, kidneys were affected with severe sclerosing glomcruloncphritis. Pronounced hyaliniiation and fibrosis of the glomeruli and dilation of the urinary tubules containing a largc amount of protein cast were observed (Fig. I) . There was a severe spongiform change throughout the brain. The change was bilat-erally symmetrical and most prominent in the middle to decp cerebral cortex; corticomedullary junction of the cerebrum, thalamus, and brain stem, including reticular formations, rostra1 colliculus, central gray substance. pontinc nuclei, caudal vestibular nucleus. and nucleus of the spinal tract of the trigeminal nerve (Figs. 2-4 ). Less prominent change was observed in the white matter of the ccrebrum and cerebellum. Thcrc were no Alzheimcr type I1 astrocytes in the lesion. Occasional @/A4 amyloid deposits were noted in the cerebrum, consisting of diffuse type of scnilc plaques"' in the ccrebral cortex ( Fig. 5a ) and amyloidotic blood vessels in the meninges (Fig. 5b) . Elcctron microscopic examination revealed intramyclin vacuoles in the spongiform lesions of the cerebral cortex (Fig. 6 ). Thcrc were no significant changes in the other organs or tissues examined except for age-related changes, such as atrophy of the lymphoid follicles in the spleen and nodular hypcrplasia of hepatic cells.
Uremic encephalopathy. which is a neurologic syndrome associated with uremia, has been documented in humans, although the pathophysiologic basis of the abnormalities is not well ' ) Mechanisms responsible for the neurologic abnormalities in the syndrome are complex, because the function of the central nervous system (CNS) may be altered directly by uremia or by the various physiologic complications that accompany uremia." A number offactors have bccn proposed to explain the cncephalopathy: decreased cerebral oxygen consumption, cerebral acidosis, cerebral hyp- Fig.  5a . Note the diffuse type of senile plaque in the cerebral cortex. Modified Bielschowsky stain. Bar = 25 wm. Fig. 5b . Amyloid deposition in the meningeal blood vessel. Labeled streptavidin-biotin method, with @/A4 amyloid protein antibody, and Mayer's hematoxylin counterstain. Bar = 50 pm. oxia, diminished ATPase activity,' increased brain calcium,' nonspecific increased cerebral membrane ~errneability,~ dialyzable middle-molecules designated as uremia toxin, amino acid derangement, and subsequent imbalance of neurotransmitters? A combination of these factors may be responsible for the syndrome.6.12
A variety of neuropathologic findings, such as neuronal degeneration, necrosis, and demyelination, have been reported in uremic human patients.h.x However, these changes are inconsistent and are not necessarily related to the uremic ~t a t e . "~.~ Some patients show no structural CNS changes. An underlying question is whether specific morphologic CNS changes necessarily accompany the syndrome. The morphologic variation reported could represent structural expressions of different pathogenetic mechanisms in the syndrome.
Regarding this condition in animals, in one report, no gross or microscopic abnormalities were observed in the brains of three dogs with presumed uremic encephalopathy.I? In a cow with renal encephalopathy, multifocal spongiform changes closely resembling those of hepatic encephalopathy were observed in the brain.'] A similar entity also has been described in two woodchucks (Martnota monax).] In these reported cases, vacuoles making up the lesions appeared to form from the myelin sheath.l." The neuropathologic changes affecting (Fig. 2) lies in wide splits between myelin lamellae. Bar = 1 Fm. the brain of the coyote in the present report appear to be essentially the same as those of the cow and the woodchucks.
In the coyote, electron microscopic examination revealed large vacuoles in the myelin sheath, suggesting that the spongiform changes resulted from intramyelinic edema. However, the significance of ultrastructural findings obtained from formalin-fixed tissue, as in this case, is often unclear. The distribution pattern of the lesion, i.e., the relative bilateral symmetry, also indicates that certain metabolic disturbances rather than postmortem artifact or mere post-epileptic damage were responsible for the lesions. The vacuolar changes also spared nerve cell bodies in the brain.
The neuropathologic changes observed in this coyote appear to be different from those characteristic of scrapie in sheep and scrapie-like spongiform encephalopathy in cattle and cats.' Although definitive proof is absent, the spongiform changes appear to be associated with uremia in this animal. 
